The tumour suppressor gene scribble (scrib) is required for epithelial polarity and growth control in Drosophila. Here, we report the identification and embryonic expression pattern of two Scrib protein isoforms resulting from alternative splicing during scrib transcription. Both proteins are first ubiquitously expressed during early embryogenesis. Then, during morphogenesis each Scrib protein displays a specific pattern of expression in the central and peripheral nervous systems, CNS and PNS, respectively. During germ band extension, the expression of the longer form Scrib1 occurs predominantly in the neuroblasts derived from the neuro-ectoderm and becomes later restricted to CNS neurones as well as to the pole cells in the gonads. By contrast, the shorter form Scrib2 is strongly expressed in the PNS and a subset of CNS neurones. q
Results
A P-element mutagenesis led to the identification of a recessive mutation P vartul causing late larval lethality and producing abnormal imaginal disc growth with a complex syndrome reminiscent of that observed in mutations of tumour suppressors. Both the larval brain hemispheres and a subset of the imaginal discs displayed massive overgrowth with a loss of cell polarity (data not shown). This gene was consequently classified as a tumour suppressor.
Cloning and sequence analysis
The putative gene was cloned by plasmid rescue and chromosomal walk. Sequencing and characterization of isolated cDNAs and ESTs showed that it encodes three size classes of transcripts with a length of 7.2, 6.0 and 4.6 kb, respectively, sharing identical 5 0 ends but divergent 3 0 ends (Fig. 1A) . Northern blot analysis confirmed the occurrence of three size classes of transcripts (Fig. 1B) . Sequence alignment of the three classes of cDNAs (Accession numbers: AJ252084 and AJ271647) on the genomic sequence (AE003756) revealed the gene structure (Fig.   1A ). The 7.2 and 6.0 kb transcripts differ by the length of their 3 0 UTR and contain an open reading frame (ORF) of 5218 nucleotides encoding a polypeptide of 1756 amino acids that is basically identical with Scribble and is hereafter designated as Scrib1. The alternatively spliced 4.6 kb mRNA encodes a shorter protein Scrib2 made of 1247 residues (Fig. 1C) . Both Scrib1 and Scrib2 share identical sequence over the first 1143 residues with a set of 16 leucine-rich repeats and two PDZ domains and belong to the LAP protein family . In addition, Scrib1 contains two additional PDZ domains in its unique C-terminal segment of 613 residues. Scrib2 carries a shorter C-terminal segment of 104 residues displaying no sequence similarity with the C-terminal domain of Scrib1.
Developmental Western blot analysis
To compare the expression patterns of Scrib1 and Scrib2, we raised antibodies in rabbits against a C-terminal 20-mer peptide specific for each protein. Western blots of Drosophila proteins showed that anti-Scrib1 antibodies detected a prominent band with a molecular mass of~250 kDa, whereas the anti-Scrib2 antibodies recognized a~180 kDa protein band (Fig. 1D) . The sizes of the detected proteins correspond to those of the polypeptides translated in vitro Chromosomal walk is indicated by the overlapping array of Drosophila inserts in recombinant l -phages (F1-F6). The scrib gene encodes three different size classes of transcripts. The two largest transcripts (7.2 and 6.0 kb) are composed of 23 exons, indicated as long and short, respectively, whereas the smallest transcript (4.6 kb) contains 14 exons of which the first 13 exons are identical to those of the largest one. Two P-elements are inserted in the first and second introns of scrib, respectively. Imprecise excision of the P-element in P vartul (or P vart ) produced the interstitial deletion DG uncovering the first scrib intron. (B) Developmental Northern blot hybridized with antisense single-stranded scrib cDNA probe (upper panel). The same filter was successively probed for b-tubulin (lowest panel). (C) Schematic representation of two Scrib protein isoforms, highlighting the leucine-rich repeats (LRRs) and PDZ domains. Scrib1 and Scrib2 share identical sequence over the first 1143 amino acids containing 16 contiguous LRR and two PDZ domains but differ by their C-extremity. Scrib1 contains an additional segment of 613 residues including last two PDZ domains, whereas Scrib2 carries a shorter fragment of 104 residues displaying no sequence similarity with the C-domain of Scrib1. (D) Developmental Western blots of Drosophila protein extracts probed with anti-Scrib1 (upper panel), anti-Scrib2 (middle panel), and antibodies raised against the ribosomal associated protein Rp40 (lower panel) that was used as a control for loading. from Scrib1 and Scrib2 cDNAs (data not shown). These results show that scrib encodes two distinct polypeptides.
Developmental Western blot analysis revealed that Scrib1 is expressed at a relatively high level during the first half of embryogenesis (0-12 h) and then at a lower level (12-24 h). Scrib1 expression is nearly undetectable in larvae, pupae and adults (Fig. 1D) . Similarly, Scrib-2 is more intensively expressed in 0-12 h embryos than in 12-24 h embryos and remains nearly undetectable at later stages of development.
Scrib1 expression during Drosophila embryogenesis
Immuno-histochemistry and confocal microscopy revealed that, from the onset of blastoderm formation ( Fig. 2A) up to germ band elongation (Fig. 2B ), Scrib1 expression is ubiquitous. Then, Scrib1 expression becomes preferentially expressed in the neuroroblasts (Fig. 2C ) and more particularly in the developing central nervous system (CNS). During late embryogenesis Scrib1 is intensively expressed in a limited number of cells, including the ventral nerve chord, and is expressed at a much lower level in other epithelial structures and muscle fibres (Fig. 2G,J,M) .
To confirm the pattern of Scrib1 expression in the developing CNS, we double stained embryos with anti-Scrib1 and, either, anti-neurotactin antibodies recognizing neuroblasts (Hortsch et al., 1990) , or BP102 revealing CNS neurones (Carney et al., 1997) . During germ band elongation Scrib1 and neurotactin expression patterns overlap in the neuroblasts derived from the neuroectoderm (Fig. 2D-F) . In the CNS of late embryos (stage 16-17) the most intense Scrib1 staining coincides with that of BP102 and strongly decorates the longitudinal and transversal fibres of the connectives and commissures, respectively (Fig.  2G-L) . In addition Scrib1 is also expressed in midline cells located at the level of the anterior and posterior commissures (Fig. 2M) . Strong Scrib1 expression is also detected in the pole cells of the gonads after completion of the dorsal closure (Fig. 2N,O) .
Scrib2 expression
During early embryogenesis the expression of Scrib2 resembles that of Scrib1 with the difference that Scrib2 is predominantly distributed in the basal domain of the forming blastoderm cells (Fig. 3A,M-O) . In contrast, Scrib1 is first localized in the apical domain ( Figs. 2A and 3J ) and then decorates the growing plasma membrane (Fig. 3K,L) . During late embryogenesis the tissue distribution of Scrib2 differs markedly from that of Scrib1. This is particularly evident in the CNS where Scrib2 is predominantly localized in neuronal cell bodies (Fig. 3C-I ) and Scrib1 in the axons (Fig. 2G-L) . In addition Scrib2 is strongly expressed in both neuronal cell bodies and projections of the peripheral nervous system (PNS) (Fig. 3D,G) . Double staining with anti-Scrib2 antibodies and 22C10 (Zipursky et al., 1984) showed an intense Scrib2 expression in all 22C10 decorated cells ( Fig. 3D-I) , confirming the specific expression of Scrib2 in the PNS sensory organs.
Antibody specificity
The specificity of the anti-Scrib antibodies was assessed by processing whole-mount embryos and Western blots of total embryonic proteins under identical conditions in the absence or presence of the immunizing peptides. As shown in Fig. 4A -C, the addition of peptides abolished immunoreactivity. Moreover, Western blot analysis of larval proteins showed a low expression of Scrib1 in wild type third instar larvae and no expression in similarly aged scrib Pvartul larvae (Fig. 4D ). In conclusion our data show that the scrib gene encodes two proteins that are differentially expressed at specific stages during Drosophila embryogenesis.
Methods
Plasmid rescue, library screening, Northern blot analysis, antibody preparation and immuno-histochemistry were performed as previously described (Török et al., 1995; Strand et al., 1994; Li et al., 1999) . Pvart third instar larvae was probed with affinity-purified anti-Scrib1 antibodies. The amount of proteins in the different lanes was first equalized by comparing aliquots in a Coomassie blue-stained gel. By comparison to the protein extract from wild-type larvae no Scrib1 protein could be detected in that of scrib Pvart mutant larvae.
